The effect of temperature on relative growth rates (RGR) and the ability to survive at stress temperatures have been investigated in isolates of the green algal species Cladophora vagabunda from Roscoff (Eastern Atlantic, temperate), Corsica (Mediterranean, subtropical), Western Australia (Indian Ocean, subtropical) and Curacao (Western Atlantic, tropical). Growth was observed between 1O°-35°C, except in the Roscoff isolate which grew between 10°-30°C and a temperature of 5°C was too low for growth in all isolates. Those indicate that all isolates were comparatively eurythermal. Variations in RGR were observed with a high maximum RGR in the W. Australian and Roscoff isolates with ca. 74% increase in length per day at 30°C, and a lower maximum 2) Dept, Marine Botany, BioL Centre, State Univ. Groningen, P.O. Box 14,9750AA Haren (Gr.). The Netherlands.
INTRODUCTION
Based on the general term of ecotype, which was defined by Turesspn (1922 , In : GREGOR, 1944 , the ecotype nature of variation between populations of one species must be determined by conducting experiments under common laboratory conditions (ESPINOZA and CHAPMAN, 1983; INNES, 1984) . Experiments to find temperature ecotupes in marine algae have been conducted with Ectocarpus siliculosus (BOLTON, 1983) , Laminaria longicrusis and L. Saccharina fBOLTON and 1DNNING, 1982) . Dumontia contorta f RIETEMA and and Cladophora albida (Cambridge et al, 1984) . Some species showed genetically based variations in temperature responses but the others did not show such variation. Thus, they can not be refered to as ecotypes. However, in widely distributed marine algae, one might expect variations in temperature responses which are controlled by genetic factors between populations from different temperature regimes.
Cladophora vagabunda has been reported by VAN DEN HOEK (1979) in the northern hemisphere of the Atlantic Ocean, and by VAN DEN HOEK and Womersley (1984) in the Eastern Indian Ocean. Thus, C vagabunda is a widely distributed marine a?ga? which occurs from tropical to temperate zones. The habitat range of this species thus includes environments with widely differing temperature, ranging from ca. 30°C in the tropical waters down to ca. -1°C in the northnern waters (Cambridge et al, 1984) .
The present study involves the determination of optimal temperature for growth and the survival at stress temperature of strains of C. vagabunda collected from sites with very different temperature regimes, in order to investigate whether the success of the species is achieved by the extremely urythermal nature of all strains, or by the evolution of ecotypic variation over this wide geographical and environmental range. VAN * Based on number of flagella of zooids i.e. 2 and 4 flagella for n and 2n, respectively.
MATERIALS AND METHODS

Four isolates of Cladophora vagabunda(L)
The cultures were gradually brought to the experimental conditions in steps of 5°C each lasting for at least several days. The isolates were observed and drawn with a camera Lucida at 2-3 day intervals for up to 2-3 weeks. The total length was measured with a HP 9874 AA digitizer. The relative growth rate (RGR) during exponential growth was calculated using the following formula :
where L tl and L t2 are the length on days tl and t2, respectively.
Survival tests were done with single plants of ca. 5 cm long which were placed in sterile glass tubes containing 20 ml of medium. Three replicates of each isolate were incubated under each experimental condition. Survival potential at low temperature Ecotypic Variation In Growth And Survival Temperature … (Agus M. Hatta & Am Breeman) was tested in a waterbath at 0° + 0,1°C at irradiance of 10 and 20 Umol. m -2 s -l and a 8 : 16 photoperiod. Survival potential at high temperature was tested at 35° + 0,5°C in a controlled environment incubator. (Maurius) at irradiances of 10 an 20 Umol. M -2 s -1 and a 16 : 8 photoperiod. Observations were made every 3-4 days and the medium was renewed every 6 and 4 days for 0° and 35°C, respectively. Plants which showed signs of damage after a given period of incubation were immediately removed to higher or lower temperatures and than gradually brought (in steps each lasting for at least 5 days) to temperature of 20°C (at 40 Umol. m -2 s -1 and 16 : 8 photoperiod) to test for their regrowth capability.
RESULTS
Relative Growth Rates
The four isolates showed differences in their growth responses over the temperature range of 10° up to 35°C (Figure 2) . None of the isolates grew at 5°C but they remained, alive. A rapid increase in the RGR was shown by two isolates (from W. Australia and Roscoff) over the temperature range of 10°-20°C, and over a shorter temperature range (10°-15°C) by the Corcsican isolate, whereas the increase was more gradual in the Curacao isolate (between 10°-20°C).
Apparently the Roscoff isolate had a narrower temperature growth span than the other isolates i.e. between 10°-30°C, whereas the others grew between 10°-35°C. The Roscoff isolate* achieved its optimum between 20°-30 C with a maximum RGR of 75.14% day -1 at 30°C, which decreased drastically to 0% day -1 at 35°C. At this temperature cell bleaching was apparent after 10 days in culture. Sporulation occurred at temperature of 20°, 25° and 30° after 6,8 and 4 days incubation, respectively. The W. Australian isolate grew between 10°-35°C, and its optimum was achieved between 25°-35°C, with a maximum RGR of 73.07% day -1 at 30°C. Sporulation occurred at temperature of 20°, 25°, 30° and 35° after 7, 4, 4 and 5 days incubation, respectively. Although the Curacao isolate had a slower increase in RGR at temperature between 10°-25°C, this isolate had a similar growth curve as the W. Australian isolate. Growth occurred between 1O°-35°C, and its optimum was achieved between 25°-35°C with a maximum of 49.61% day -1 at 25°C. Sporulation was observed only one once in a single replicate at 25°C after 6 days incubation. The Corsican isolate displayed the lowest maximum RGR of 35,52% day -1 at 20°C, but it had the broadest optimum i.e. between 15°-30°C. Sporulation occurred at 10°C after 6 days and at 20°, 25° and 30°C after 4 days incubation.
Univariate analysis of variance showed that temperature, isolate and interaction between these two factors were all significant sources of variation in the RGR (Table 2) . Pairwise comparisons amongst isolate (Student's t-test) at each temperature treatment were presented in Figure 2 .
Survival Test
As displayed in Figure 3, 
DISCUSSION
As displayed in Figure 2 , the Gadophora vagabunda isolates all showed considerable plasticity in growth rates over a wide temperature range, in accordance with the wide temperature variation occuring over its distribution range (Figure 4) . None of the isolates exhibited specific adaptation to local temperature conditions ( Figure 5 ), and all of the isolates demonstrated basically the same character i.e. a eurythermic response with growth occurring between 10°-30/35°C, limited growth at 5°C, 10°C being the lowest temperature permitting growth and optimum growth rates occurring at high temperature between 25°-30°C. Thus, all of the C vagabunda isolates obviously still have a certain degree of genetic similarity in theirthermal characteristics.
Furthermore in Figures 2 and 5 , same variation in RGRs among the isolates has been shown and statistically proved (Table 2) . Such variations apparently are common in widely distributed marine algal, for examples in Ectocarpus siliculosus fBOLTON, 1983) and Laminaria spp. (BOLTON and LUNING, 1982) . The rapid growth of the W, Australian and Roscoff isolates at temperature higher than those experienced in nature shows that these isolates grow under suboptimal conditions in their original habitats. The very broad range of optimum temperature of the Corsican isolate, comparable to that a Dumontia contorta (Rhodophyta) isolate from the Netherlands (RIETEMA and , is in accordance with their occuring i.e. in habitats with broadest local temperature ranges. The Curacao isolate demonstrated optimum growth at temperature coinciding with the local temperature range.
Based on survival for at least 30 days, such as was suggested by VAN DEN HOEK (1982) , to test the survival ability of seaweeds, Cladophora vagabunda showed variation between isolates from different collecting sites. At the lower stress temperature (0°C), no differences between isolates were apparent. But at the higher stress temperature (35°C) the isolates could be divided into two groups, one group tolerating this high temperature represented by the W. Australian and Curacao isolates, and second group not tolerating this high temperature represented by the Corsican and Roscoff isolates. The reduction of the maximum survival temperature on algal which invaded the cold temperature waters has been previously described by LUNING (1984) (BOLTON and LUNING, 1982) . Thus, the present data for Cladophora vagabunda are quite similar. These differences in maximum survival temperature can be considered as genetical adaptation of the isolates to tropical temperature condition.
In conclusion, as a consequence of the eurythermal temperature response of all isolates, the wide grographical distribution of C. vagabunda is primarily by nongenetical adaptation. However, increased survival capability of the tropical isolates at 35°C and some differences in the temperature growth-curves show that some genetically based adaptation also occurs. Nevertheless, this genetic adaptation has not been sufficient for the development of ecotypes which are optimally adapted to the local condition.
